Introduction
Family studies on schizophrenia suggest that a genetic factor is involved in its transmission. From overall data it appears that schizo phrenia is transmitted either by multiple genes of equal potency and specificity, or by a dominant gene which is modified by a number of modifying genes, with the specific phenotypic expression of the disorder genetic ally determined by the interaction of domin ant and modifying genes (42, 51) .
These two theories, although somewhat different, do share the major common as sumption that multiple genes are involved in the genetics of schizophrenia.
There are three major ways of concept ualizing the possible interaction of various environmental factors with a genetic pre disposition to produce the clinical picture of the disease. A person with such a genetic ally determined predisposition may be vul nerable to stress induced by: various non specific environmental stressors (once they reach a certain threshold level) or by a specific stress-inducing constellation within the environment, for example, an exposure to so-called 'double bind' communication within the family. Once this specific environ mental stressor reaches a certain intensity or is continually operating for a certain dura tion, the clinical picture of schizophrenia Can. Psychiatr. Assoc. 1. Vol. 19 (1974) develops. Nonspecific or specific stressors could influence certain biochemical and metabolic pathways toward which the schizo phrenic person is genetically predisposed, and once these pathways are activated they would act as the direct etiological factor(s) for the development of symptomatic schizo phrenia.
An extension of this hypothesis is that these factors once activated increase the psychic vulnerability of the schizophrenic and influence him in such a way that his interaction with significant people in the environment and his reality judgement be come impaired. His ability to cope with reality and environmental problems is thus reduced and this acts as a stressor which further activates the genetically pre-determined biochemical and metabolic pathways; thus a 'vicious circle' is established in which biological and psychic factors interact to produce the clinical picture of schizophrenic psychosis.
If multiple genes are indeed involved in the genetic transmission of schizophrenia, some of these, according to the postulation of Jacob and Monod (56) , may be structural genes, and others regulator and operator genes. Thus the possibility may be considered that 'stress' will lead to the production of biochemical mediators which are specific inducers or repressors of operators of structural genes involved in the synthesis of psychotomimetic compounds in schizo phrenia.
Many investigators have postulated that both biological and psychogenic factors con tribute to the etiology of schizophrenia: Bleuler (10) theorized that predisposition to schizophrenia is determined by organic factors, but that psychogenic factors may precipitate it. He also thought that primary symptoms, such as certain aspects of the thought disorder, are of organic etiology; whereas, secondary symptoms, such as cer tain aspects of delusions, are determined by psychic factors. Bellak (5) postulated that schizophrenia is a reaction type to a great variety of etiological factors ranging from complete psychogenicity to complete organicity. Sclare (92) , Fessel (31) and Sankar (89) also hypothesized that the etiology of schizophrenia can be best understood on the basis of the interaction of various factorspsychodynamic, genetic and biochemical. Pollin attempted to integrate genetic, bio chemical and experiental variables (83) .
The present paper is an attempt to review and formulate specific patterns of possible interaction of 'stressors' with genetically-link ed biochemical aberrations in schizophre nia.
Stress is defined by Selye as ". . . the state manifested by a specific syndrome which consists of all the nonspecifically induced changes within a biological system" (93) . In experimental animals stress is manifested by such phenomena as increased corticosteroid secretion, thymus and lymph node involu tion, lymphopenia, eosinopenia and gastric ulceration. The changes in humans under emotional stress were reviewed by Mason (71) , and include increases in urinary 17ketosteroids, urinary and plasma 17-hydroxy stoerids plasma ACTH, lymphopenia and eosinopenia. Increases in urinary catechol amines (58) and protein-bound iodine (13) , and a decrease in plasma testosterone level (61) , were also found to occur in humans under psychic stress. Here the emotional response to a 'stressful' situation, rather than the characteristics of the objective situation itself are of major importance in determining the magnitude of the stress response (71) .
'Traumatic' life events may or may not act as 'stressors' to bring about a 'state of stress'. Even though traumatic life events are referred to in this paper as 'stressors', and the state induced by them as 'stress', it must be remembered that these terms are a shorthand for 'potential stressors' which may induce a state of stress.
Stress and Schizophrenia
Mason reviewed the research on the ac tivity of adrenals and the response to stress in schizophrenia. Most of the research find ings are inconsistent and controversial; this is due to technical problems, to inadequate research methodology and the variability of diagnostic criteria.
The overall findings do not appear to sup port the hypothesis that abnormality in adrenal function or in the stress response relate directly to schizophrenia.
Sachar et al. (86, 87) found increased urinary and plasma 17-OHCS, urinary epine phrine and norepinephrine in schizophrenic patients while they were either in 'psychotic turmoil' or 'anaclitic depression', as com pared with the lower levels of these sub stances during the phases of 'organized psychotic integration' and recovery. This observation is supported by Matsumoto et al. (72) who found shifting urinary 17-OHCS in relation to changes in symptoms in these longitudinal studies of schizophrenic patients. Wohlberg et al. (110) also found elevated plasma Cortisol levels in the acute stage in contrast to the recovery phase, and postu lated that the change in endocrine profile may increase the arousal level of the schizo phrenic which may in turn further generate pathological emotional and cognitive pro cesses.
Bliss et al. (11) found elevated plasma Cortisol levels in acutely disturbed schizo phrenics but not in emotionally flat chronic schizophrenics, and Lovegrove et al. (68) found higher free corticosteroid excretion levels in acute cases than in chronic cases. Both these findings may reflect the emotional turmoil of those with acute schizophrenia compared with the psychotic reintegration of the chronic schizophrenic.
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Similar changes have been found, both in psychiatric patients who are not schizo phrenic and in normal people undergoing emotional strain (71, 88) . This suggests that the changes found in schizophrenics reflect the emotional turmoil associated with the disease rather than the schizophrenic process. Nevertheless, there is also the possibility that emotional stress in a generalized way but specifically related to the development of schizophrenia may be activated by these physiological changes.
Specific and Nonspecific Factors in Stress
It is possible that even people who would have been able to tolerate the average stresses of life without developing symptoms, might develop stress-induced psychopathology if the 'stressor' is strong enough. This assumption is supported by studies of the experiences of people who were in Euro pean concentration camps and Japanese war prison camps (53, 54) . The specific stressor is apparently also important in determining the specific psychopathology which may de velop. Some people who spent World War II in concentration camps developed an apa thetic withdrawal clinical picture, whereas, those who spent long periods of time hiding in confinement developed an anxiety-agitated state (54) . Some sample selection factors might have operated in these two popula tions: namely, those who succeeded in spending the war time in hiding might have differed in certain personality traits from those who were imprisoned in the concen tration camps.
Personality factors appear to mediate dif ferential responses to identical stresses. The study of Bridges and Jones (16) of medical students before examinations revealed that those who were of linear physique had a higher neuroticism score and a higher Corti sol level than did students of muscular physique who had a lower Cortisol level and a lower neuroticism score on the Eysenck Personality Inventory. People with high ES (ego strength) score on the MMPI increased their excretion of catecholamines under stress whereas those with low ES score de creased theirs (85) .
Animal studies indicate that different types of stressors will affect drug metabolism in rats differently. Exposure of Long-Evans rats to swim stress resulted in elevation of their rate of hexobarbital metabolism, whereas exposure of Holtzman rats to the same stress had the opposite effect (101) .
Animals of the same strain exposed to different life experiences and then subjected to an identical stressor responded differently. Welch and Welch (108) found that the depletion of brain norepinephrine and dopa mine which normally follows blockage of their biosynthesis by a methyltryosine was retarded by restraint stress in pre-grouped mice, but facilitated in pre-isolated mice. Riege and Morimoto (84) found that prestress environmental conditions in an inbred strain of rats resulted in differences in stress-induced concentration changes in brain biogenic amines.
It would then seem that the type of stressor and the subject's predisposition, as determined both by genetic factors and past experiences, may establish the quality and quantity of the response to a stressor.
The Relationship Among Stress, Stress Tolerance and Schizophrenia
Most psychogenic theories assume that schizophrenia is caused by etiological factors which either constitute stress or reduce stress tolerance, or both (6, 10, 15, 27, 36, 57, 66, 73, 94, 111) . Bleuler (10) emphasized affective, cognitive and motivational disturbances. Freud (24) emphasized ego disturbances leading to impairment of reality testing, while for Federn (27) the fundamental dis turbances in schizophrenia were the inability to achieve self-object differentiation, which in turn impairs the person's ability to cope efficiently with reality stresses. Mednick (73) thought that the characteristics of the acute schizophrenic are overreaction to stress, rapid acquisition of conditioned responses and stimulus overgeneralization.
Stressful life events precipitate hospital ization in about half the hospitalized schizo-phrenics in two studies (4, 9) . In an epi demiological study of veterans (100) the rate of first admission for schizophrenia in the early months of military service was found to be much higher than the rate in the second year of service, suggesting that the stress involved in adaptation to military service may precipitate acute schizophrenia in predisposed people.
The Relation of Stress to Biological Variables
Immunological Factors
On the basis of their experimental work Heath and Krupp postulated that schizo phrenia is an autoimmune disease (45) (46) (47) . Heath et al. demonstrated by an immunofluorescent technique that gamma globulin autoantibodies were attached to antigenic sites in neuronal nuclei in the septal region of the brain of schizophrenics. However, since this original publication, two different groups have been unable to confirm (by immuno-fluorescence) the presence of gamma globulin in the septal nuclei of the brain of schizophrenics. Although the autoimmune theory of schizophrenia was not confirmed (67, 109) , it warrants further investigation (67) .
If, indeed, autoimmune processes were related to the etiology of schizophrenia, could they be linked to stress factors? Stressful life events are thought to precipi tate or to cause exacerbations of such auto immune diseases as rheumatoid arthritis, ulcerative colitis and lupus erythematosus (96) . Antibodies are produced primarily by plasma cells and probably also by certain lymphocytes. Various investigators have found abnormal lymphocytes in schizo phrenia (28, 33, 52, 59, 69) and Fessel has at tempted to explain the role of genetic and stress factors in the production of these abnormal lymphocytes (30) . His findings, and those o" Frank et al. (34) , are best explained by assuming that both stress and genetic factors are involved. Thus, it is possible that the production of the abnormal lymphoid cells in schizophrenics is genetic ally determined and then enhanced by stress factors. It is suggested that these abnormal lymphocytes may produce abnormal anti bodies, including autoantibodies against the septal region's neuronal nuclei. Also, Korneva (60) claims that stimulation of certain areas in the lateral hypothalamus may lead to enhancement of antibody production. Raised serum levels of plasmin, a proteolytic enzyme, have been noted in states of emo tional stress (64) .
Thus, stress may induce autoimmune phenomena by a number of mechanisms:
• Stimulation of the production of abnormal antibodies by abnormal lymphocytes or by hypothalamic centres.
• Activation of plasminogen activity (which causes alteration of antigenic determinants to the extent that they are not recognized as 'self'), and antibodies against these antigenic sites are produced.
• Stress may cause lymphopenia, primarily of normal lymophocytes (25) .
• Certain lymphoid cells may be responsible for immunosurveillance and elimination of abnormal clones of antibody-producing cells which produce autoantibodies (17); if 'surveillance cells' were suppressed by stress, autoantibodies could be produced.
Immunoglobulin Levels in Schizophrenia
Strahilevitz and Davis determined the levels of IgG, IgM and IgA in the serum of schizophrenic patients, non-schizophrenic psychiatric patients, and healthy controls in samples taken within 24 hours of hospital admission (102) . They found a significantly higher level of IgA in schizophrenics com pared with healthy controls and the nonschizophrenic psychiatric patients. There were no significant differences in the level of IgG or IgM between the schizophrenic group and the other two groups.
Solomon, et al. (98) also studied immuno globulin levels in the serum of psychiatric patients, and found an elevation in IgA and IgM as compared to healthy controls, but no differences were found between schizo phrenic and non-schizophrenic psychiatric patients. The differences between the find ings of these studies may be due to differ-April, 1974 ETIOLOGY OF SCHIZOPHRENIA 211 ences in experimental design. Solomon in cluded male patients only and the blood samples were taken at various times after admission. In this study the mean serum IgA level in acute psychiatric patients was found to be higher than the mean serum IgA in chronic psychiatric patients (278 mg. per cent and 214 mg. percent respectively). Solomon also recently reported that schizo phrenics with a high serum IgA level had a bad prognosis (97).
Hendrie et al. (48) also studied immuno globulin levels in psychiatric patients and found that severe disorganizing levels of anxiety were correlated with increased serum IgA levels; in this study, the difference in IgA level between the schizophrenic and non-schizophrenic group was not significant.
In addition, Hendrie, et al. (49) deter mined the level of immunoglobulins in patients in an early phase of polyarthritis, and correlated immunoglobulin levels with the presence of the rheumatoid factor. The main finding was that patients with high levels of IgA, and to a lesser extent IgM had a higher score on the Holmes social readjust ment scale, which quantifies stressful life events before the onset of polyarthritic symptoms. These findings again indicate that IgA may be increased by stress. Investi gators in Scandinavia measured immuno globulins in schizophrenic and non-schizo phrenic patients, and were unable to find any differences, but in a group of patients diagnosed as 'borderline psychotic' they found a significant decrease in IgA level (14) .
There are various ways in which changes in IgA levels seem to be related to auto immune mechanisms. For example, an auto antibody against the intrinsic factor in per nicious anemia was found to be a secretory IgA (43) . In children with rheumatic fever, the presence of autoantibodies to cardiac antigen was correlated with high serum IgA levels (106) . Autoimmune factors in lympho granuloma venerum are associated with high levels of serum IgA (63) .
Stress may induce proliferation of immunoglobulin-producing lymphoid cells; vari ous stressors were found to induce prolifera tion of plasma cells in rats (91) . This latter effect is mediated by somatotrophic hormone (STH) and is probably inhibited by ACTH. Another factor which may mediate stressinduced proliferation of lymphoid cells is the local concentration of histamine (90) . Stress enhances histamine synthesis in brain (103) . Formalin stress in rats results in an increase in plasma levels of a* and probably Y globulins (26) . STH is increased in stress and is probably mediating the stress-induced changes in plasma proteins (26) . An atypical IgA protein was found to have properties of an a* globulin (21) . Thus an increase in a 3 globulins by stress and STH may partly reflect an increase in plasma IgA. Fessel reviewed the studies on plasma protein changes in functional psychosis, and found that some of the changes reported in schizo phrenia are similar to plasma protein changes induced by stress (29) .
Changes in plasma proteins in schizo phrenia may be a nonspecific stress effect, but another possibility is that a predisposi tion in schizophrenia (and possibly other mental illness) to produce abnormal proteins is activated by stress.
Findings in patients with increased IgG in the CSF suggest that some of the IgG in the CSF is of extra vascular origin and may be produced in situ in the CSF (22) . It is interesting to note that antibodies are produced in situ in the CNS in subacute sclerosing panencephalitis (23) . Histamine may cause increased local proliferation of lymphoid cells by its increased local con centration and its effect on capillary perme ability (90) . As mentioned, its synthesis in brain is enhanced by stress (103) . There is the possibility that immunoglobulin with autoantibody activity may be produced in situ in the CNS of schizophrenics. In addi tion to Heath's taraxein there are various other abnormal proteins which are claimed to be found in schizophrenia and to be re lated to the etiology of the disorder (19) .
It will be of interest to find what effect stress has on these proteins. Some proteins may produce their effects by influencing cell 212 CANADIAN PSYCHIATRIC ASSOCIATION JOURNAL Vol. 19, No. 2 membrane permeability, for example, a 8 globulin found in schizophrenia by Gottlieb et al. (40, 41, 44) increases the active trans port of certain amino acids, some of which are precursors of neuro transmitters -tryp tophan, hydroxytryptophan and tyrosine. It is of further interest to determine the effects of this protein on the permeability of the blood-brain barrier.
Schizophrenia, Stress and Blood-Brain Barrier
Heath (45) claims that the IgG of schizo phrenics (but not that of normal people) can pass the blood-brain barrier in recipient monkeys. Angel (2) found that stress causes an increase in the permeability of the bloodbrain barrier to cocaine in cats. Changes in CSF proteins were found in various psychi atric illnesses (55) . Already mentioned is the possibility that the a 8 globulin found by Gottlieb et al. in schizophrenia may influence the permeability of the blood-brain barrier. Thus both stress and schizophrenia may be associated with changes in the permeability of the blood-brain barrier.
Stress, Schizophrenia and Brain Amines
The effect of stress on brain catechol amines and indoleamines in animals is de pendent upon the type and duration of the stress. The most consistent finding is an increase in the turnover of serotonin, nor adrenaline, adrenaline and histamine (8, 12, 20, 24, 103, 104, 107) . Thus, production of brain amines is increased by stress. Methy lated catecholamines (38) and indoleamines (7, 32, 35, 78, 80, 82, 95) have been implicated in the etiology of schizophrenia: NN-dimethyltryptamine, 5-methoxy-NN-dimethyltryptamine and bufotenin were found in the serum of schizophrenics, and although some of these compounds (bufotenin and NDMT) were found also in normals (32, 35, 95) , the concentration was significantly lower. Whether schizophrenics have a higher level of the O-methylated catecholamine dimethoxyphenylethylamine, as reported by Friedhoff et al. (38) is controversial as his ori ginal observation was not confirmed by others (99) . However a sensitive method for the determination of DMPEA was recently published by Friedhoff (37) and its utiliza tion may help to clarify the controversy over the relationship of DMPEA to schizophrenia.
Furthermore stress may be a Unking factor related to the increased production of methy lated amines by increasing the availability of precursor compounds, such as serotonin, noradrenaline and adrenaline, which are then methylated and changed to psychotomimetic compounds. Conceivably stress could also enhance production of psychotomimetic methylated compounds by inducing, or other wise increasing, the activity of transmethylating enzymes.
Stress, Schizophrenia and Enzymes
Concentration of various enzymes is in creased in the plasma or in formed blood elements by stress both in animals (18, 62, 65, 76) and humans (112) . Creatine phosphokinase (CPK) serum concentration is increased in rats following cold-restraint stress (76) . The concentration of CPK and aldolase in the serum is increased in psy chosis (74, 75, 77) and in non-psychotic people after the administration of psychoto mimetic compounds (74) .
In rabbits, stress increases concentration of aldolase and lactic dehydrogenase (LDH) in leucocytes (65) . Henry, et al. (50) found that increased social stimulation in mice re sulted in increased concentrations of phenylethanolamine-N-methyltransferase, which is the enzyme involved in the transformation of noradrenaline to adrenaline and of tyro sine hydroxylase -the rate limiting factor is the biosynthesis of catecholamines. Ciaranello et al. (18) reported an increase in phenylethanolamine-N-methyltransferase in mice following cold stress, and Krethansky et al. (62) found an elevation of both tyro sine hydroxylase and phenylethanolamine-Nmethyltransferase following immobilization stress in rats. In humans, examination stress was found to increase the activity of carbonicanhydrase and cholinesterase (112) . An epinephrine cycling enzyme which is capable of transforming catecholamines to indoleamines was found in the serum of both schizophrenics and normal controls (1).
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This enzyme may transform methylated cate cholamines to methylated indoleamines. Friedhoff et al. (39) found an enzyme in mammalian tissues capable to O-methylate in position 4 N-acetyl-l-3-dimethoxyphenylethylamine. Indoleamine -N -methyltransfer ase was originally found by Axelrod in rabbit lung (3) and later by Mandell and Morgan in mammalian brain (70) . This enzyme is capable of methylating tryptamine and 5-hydroxy-tryptamine (serotonin) to psychotomimetic methylated indoleamines such as NDMT and 5-meO-NDMT.
Narasimhachari et al. (81) demonstrated activity of indolethylamine-N-methyl-transferase in the serum of schizophrenics but not in the serum of healthy controls. Recent work by this group suggests that the methy lating enzyme is also present in normals (79) . Tran, et al. (105) found an increase in dopa decarboxylation in erythrocytes of schizophrenics which may be related to in creased activity of dopa decarboxylase. It will be interesting to find whether dopa decarboxylase, N-acetyl-1-3 -dimethoxyphenyl -ethylamine -methyltransf erase c a t echolamine cyclizing enzyme and the indolethylamine-N-methyltransferase are in duced or increased in either concentration or activity by stress.
Summary
Possible interactions of genetic and en vironmental factors in the etiology of schizo phrenia are discussed.
Studies on the significance of geneticconstitutional and environmental factors in determining specificity of behavioural and biochemical responses to stressors in humans and experimental animals are reviewed.
Studies of stress in schizophrenia are also revieweed and their possible relationships discussed.
Hypotheses related to the interaction of environmental factors and genetic constitu tional factors in the production of acute schizophrenic psychosis in genetically pre disposed people are presented. Research studies supporting such hypotheses are re viewed and discussed.
It is proposed that environmental pres sures, by inducing a physiological state of stress or other biochemical physiological alterations, may be etiologically related to the development of acute schizophrenic psy chosis by:
• Producing chemical substances that act as inducers of enzymes, in particular transmethylating enzymes and those in volved in the production of proteins, which may be related to the etiology of schizo phrenia;
• Activating autoimmune processes which may be related to the etiology of schizo phrenia;
• Changing levels of brain amines;
•Altering the permeability of the blood-brain barrier.
Resume
Nous discutons la possibilite de Taction reciproque entre le facteur genetique et le facteur milieu dans l'etiologie de la schizo phrenic Nous faisons la revue des etudes sur Timportance du facteur genetique et de celui du milieu pour la determination des reponses specifiques de comportement et des reactions biochimiques chez l'homme et chez les animaux experimentaux.
Les etudes de stress dans la schizophrenic sont egalement revues ainsi que leur relations possibles.
Les hypotheses de production de la psychose schizophrenique aigue chez des individus avec predisposition genetique par suite de Taction reciproque des facteurs genetiques-constitutionnels et du milieu, sont presentees. Les etudes de recherche qui supportent de telles hypotheses sont revues et discutees.
Nous proposons que des pressions eternes peuvent etre reliees etiologiquement au d6veloppement de la psychose schizophrenique aigue en produisant un etat physiologique de choc ou d'autres changements biochimiques en:
• Produisant des substances chimiques agissant comme enzymes inducteurs, en particulier des enzymes de transmethylation impliques dans la production de proteines, qui peuvent jouer un role dans l'etiologie de la schizophrenic • Activant des processus auto-immunologiques qui peuvent avoir une relation avec l'etiologie de la schizophrenic • Changeant les niveaux des amines dans le cerveau.
• Changeant la permeabilite de la barriere entre le sang et le cerveau.
